Resistance training in chronic obstructive pulmonary disease Chronic obstructive pulmonary disease (COPD) is considered not only a disease of the respiratory system but a disease that also has a systemic impact.1 Patients' exercise capacity is often reduced disproportionately to the degree of lung function impairment. Reduced skeletal muscle function is an important contributor to 2 exercise intolerance. Skeletal muscle weakness has become a hallmark of the systemic impact of COPD.3 Muscle bulk and quadriceps force were identified as contributors to survival4 and utilization of health care resources5 in COPD. There is still debate as to whether peripheral muscle weakness is the consequence of the systemic impact of COPD (oxidative stress, systemic inflammation, hypoxia, malnutrition), its treatment (oral corticosteroids) or whether it is simply the consequence of a sedentary life style.
In contrast to the rather disappointing treatment of the lung function impairment in COPD, effective treatment is available to improve skeletal muscle dysfunction and improve functional capacity. Carefully conducted exercise training is currently the most successful treatment of skeletal muscle weakness in many chronic diseases, including COPD. 8 It is important to recognize that one of the main principles for successful exercise training is the 'overload principle.' Muscular adaptations will appear only if the muscle is stressed sufficiently.9 '10 In healthy subjects, sufficient muscular stress is obtained when exercise is performed at 70% of V02 peak.11 In COPD patients, aerobic exercise capacity is often limited by ventilatory constraints. The inability to increase pulmonary ventilation above a level dictated by the lung function impairment (predicted as 40 x FEV1, and dependent on the level of dynamic hyperinflation; see Ref. 12 for an extensive review) results in premature termination of exercise in severely compromised patients. An elegant study by the group of Dr Wagner showed that at peak exercise, significant metabolic muscular reserve is still present.13 The authors convincingly showed that the skeletal muscle of COPD patients could be stressed much more in single leg exercise (small muscle groups, low ventilation) compared to two legged exercise (large muscle mass, high ventilation). In other words, the study demonstrates that when large amounts of skeletal muscles are stressed, each individual muscle may be operating at an intensity far from its potential maximum. Hence, in these patients, training programmes should be adjusted to allow sufficient stress on the peripheral muscle, preferably bypassing the ventilatory constraints. Two strategies could be followed. First, the peak ventilatory capacity could be enhanced by giving optimal bronchodilatation, reducing the work of breathing by giving mixtures of helium and oxygen, or by supporting ventilation (e.g., noninvasive mechanical ventilation). These strategies are generally considered ineffective'4'5 or time consuming and not appropriate for routine clinical use. 16 Another possibility would be reducing the ventilation needed to overcome a given task, by supplying oxygen. One recent study showed the benefit of this approach, but others failed. -20 The altemative strategy would be to reduce the amount of working performed. This is effectively accomplished with resistance training, as small muscle groups are trained. Typically weight training is performed lifting weights that represent a high (> 70%) fraction of the maximal weight that can be lifted just once by the trained muscle (one repetition maximum Resistance training is a very specific therapy for muscle weakness and restores muscle strength and muscle bulk in COPD.24 Besides these well-documented benefits of resistance training there may be additional benefits in elderly that are not observed in young subjects. Benefits were observed on bone mineral density25 and fall prevention in the elderly.26 In addition, significant metabolic (oxidative) benefits were seen after specific resistance (strength) training. In healthy elderly, Jubrias and coworkers showed that muscle oxidative capacity (e.g., mithochondrial volume density) improved dramatically after resistance training. 23 We demonstrated that resistance training in patients with COPD resulted in significant improvements in whole body peak oxygen consumption, supporting the results of one of the first studies investigating the effects of resistance training in COPD showing clear benefits on whole body endurance.Z7 In clinical practice, the combination of resistance training and aerobic (endurance) training may be recommended in COPD. Such training programmes may combine in an efficient way to improve muscle bulk and strength with the specificity of aerobic exercises such as walking, stair climbing or cycling. In COPD patients combination programmes resulted in more significant improvements of muscle strength, with equivalent improvements in whole body exercise capacity.
As muscle strength appears to be an independent contributor to survival and utilization of health care resources, the additional benefits of resistance training on these outcomes merit further study.
In conclusion, resistance training clearly results in significant improvements in skeletal muscle strength, with transfer to improved oxidative capacity in the elderly. Resistance training can be used as a training strategy in patients with a ventilatory limitation. Resistance training can also be used as an additional training modality to whole body training to further improve the benefits of the latter programs.
